We used FLAMES+GIRAFFE (Medusa mode) at the VLT to obtain moderately high resolution spectra for 30 red horizontal branch (RHB) stars, 4 RR Lyrae variables, and 17 blue horizontal branch (BHB) stars in the low-concentration, moderately metal-rich globular cluster NGC 6723 ([Fe/H]=−1.22 ± 0.08 from our present sample). The spectra were optimized to derive O and Na abundances. In addition, we obtained abundances for other elements, including N, Fe, Mg, Ca, Ni, and Ba. We used these data to discuss the evidence of a connection between the distribution of stars along the horizontal branch (HB) and the multiple populations that are typically present in globular clusters. We found that all RHB and most (13 out of 17) BHB stars are O-rich, Na-poor, and N-poor; these stars probably belong to the first stellar generation in this cluster. Only the four warmest observed stars are (moderately) O-poor, Narich, and N-rich, and they probably belong to the second generation. While our sample is not fully representative of the whole HB population in NGC 6723, our data suggest that in this cluster only HB stars warmer than ∼ 9000 K, that is one fourth of the total, belong to the second generation, if at all. Since in many other clusters this fraction is about two thirds, we conclude that the fraction of first/second generation in globular clusters may be strongly variable. In addition, the wide range in colour of chemically homogeneous first-generation HB stars requires a considerable spread in mass loss (> 0.10 M ⊙ ). The reason for this spread is yet to be understood. Finally, we found a high Ba abundance, with a statistically significant radial abundance gradient.
Introduction
The horizontal branch (HB) of globular clusters (GCs) is the locus in their colour-magnitude diagram (CMD) that contains the stars that are burning He in their cores. The initial location of the stars on the HB (the zero-age horizontal branch, ZAHB) is expected to depend primarily on their mass and chemical composition; while still burning helium in their cores, the stars experience limited changes in surface temperature and luminosities; they become much redder and brighter only in very late stages of the HB phase when very little He is left in their cores. Until recently, GCs were considered to be simple stellar populations, that is, all stars were thought to have the same age and chemical composition. Following that scheme, we expect that HB stars have a colour distribution due only to their evolution off the ZAHB, unless they loose different amounts of mass while still on the red giant branch (RGB). However, it was immediately Send offprint requests to: R.G. Gratton, raffaele.gratton@oapd.inaf.it ⋆ Based on observations collected at ESO telescopes under programme 087.D-0230 ⋆⋆ Tables 2, 3 , 5, 6, and 7 are only available in electronic form clear from the first quantitative comparison between models and data several decades ago that, in each GC, stars distribute over a range in colour much wider than expected from this simple evolutionary consideration, with considerable variation in this range for different clusters (see, e.g., Rood 1973) . In addition, it is also known that median colours of the HB stars in different clusters -originally assumed to be coeval -are not simply a function of metallicity, as originally expected based on evolutionary models (see Faulkner 1966) . These two facts constitute the "second parameter" problem (Sandage & Wildey 1967; van den Bergh 1967) . Many different explanations have been suggested for this phenomenon (for reviews, see Fusi Pecci & Bellazzini 1997 and Catelan 2009 ). In the past few years, it has become clear that most of the complex phenomenology can be explained by a combination of different factors: cluster-to-cluster age differences, metallicity-dependent mass loss with small but not negligible star-to-star variations, and star-to-star variations in the He abundances related to the multiple population phenomenon ; see also Dotter 2013 and Milone et al. 2014) . In addition, other factors (binarity, variation of the total CNO content, and perhaps rotation; see e.g. Rood 1973 ) should also be consid-ered, at least for some specific clusters. Moreover, the relative role of the star-to-star variations in mass loss and in chemical composition is yet to be determined.
This complex problem can be attacked following a variety of approaches, including statistical analyses of large samples of GCs or studies of the properties of the variable stars, for instance. Basic information can be obtained by determining the chemical composition of stars in different locations along the HB. In fact, we expect that evolved He-rich stars (belonging to the socalled second generation in GCs, SG; Gratton et al. 2012a ) have masses lower than He-normal ones (members of the first generation, FG), and they should occupy a bluer location on the HB (see Ventura et al. 2001; D'Antona et al. 2002; Piotto et al. 2005; Cassisi et al. 2013 , following the earlier suggestions by, e.g., Rood 1973 and Norris et al. 1981) . When the He abundances of the individual HB stars are known, synthetic HB populations can be compared with observed distributions of stars along the HB, allowing determination of the residual scatter in mass that can be attributed to other factors.
While conceptually simple, this method has several limitations. He abundances are difficult to derive directly because He lines are very weak in cool stars (T eff < 9000 K) and because stars warmer than the so-called Grundahl jump (at about T eff ∼ 11, 500 K; Grundahl et al. 1999) do not have an outer convective envelope. In such warm stars, sedimentation and radiative levitation strongly affect the composition of the atmosphere, making it not feasible to deduce the original stellar composition. On the other hand, we may use elements other than He as useful diagnostics of the multiple population phenomenon for stars cooler than the Grundahl jump. Very useful information can be obtained using Na and O lines: while the relation between the abundances of these elements and that of He is probably not linear (Ventura & D'Antona 2008; Decressin et al. 2007 ), large He abundances in SG stars are always accompanied by a large overabundance of Na and deficiency of O with respect to the composition of He-normal FG stars of the same cluster. Stars on the blue end of the HB of a cluster are then expected to be richer in Na and N, and poorer in O, than stars at the red end.
First attempts to use this approach for a better understanding of the HB morphology have been the studies by Villanova et al. (2009) , Marino et al. (2011), and Villanova et al. (2012) on a few HB stars in NGC6752 and M4. The results from these abundance analyses agreed in general with the hypothesis that the spread along the HB in these clusters is mostly determined by variations of He abundances among the multiple populations present in these clusters. On the other hand, other studies based on pulsational properties of RR Lyrae variables, for instance, show that the situation might be more complex because at least for some clusters, such as M3, there seems to be no evidence for variation of He, at least close to the instability strip (see discussion in Catelan et al. 2009 and references therein). To further enlarge the small sample of clusters with an extensive abundance analysis of HB stars, we started a small survey of seven GCs; results for five of them have already been published: NGC 2808 (Gratton et al. 2011) , NGC 1851 (Gratton et al. 2012b) , 47 Tuc and M5 (Gratton et al. 2013) , and M22 (Gratton et al. 2014) . In this paper we present the results for a sixth cluster, NGC 6723, while those for the last one (NGC 6388) will be presented in a future paper. In the meantime, other studies on this same subject appeared and included the analysis of HB stars in M 22 (Marino et al. 2013 ) and NGC 6397 (Lovisi et al. 2012 ). The pattern emerging from all these studies generally confirms the scenario of the multiple populations, although at least for M5 some additional mechanism should be considered.
NGC 6723 was selected for this analysis because it has an HB quite extended in colour, ranging from stars redder than the RR Lyrae instability strip to stars bluer than the Grundahl jump, similar to M 5. The large extension in colours over a range where the abundance analysis may still provide useful results makes it a suitable cluster on which to test the physical mechanism causing the spread in mass of HB stars. The overall properties of NGC 6723 can clearly be estimated from accurate HST photometric studies because this cluster was included both in the snapshot survey by Piotto et al. (2002) and in the more recent ACS survey by Sarajedini et al. (2007) . The papers by Sollima et al. (2007) and Milone et al. (2012) , also using HST, were dedicated to a search for binaries in the cluster core. Unfortunately, these photometric studies either focused on the central part of the cluster or on the main-sequence stars; hence there is little overlap with the HB stars that we observed in our spectroscopic study. Recent ground-based photometric studies have been performed by one of the present co-authors (PBS) and by Lee et al. (2014) . We extensively used these photometric data in our analysis. NGC 6723 has a low reddening (E(B-V)=0.05), a low concentration (c = 1.11), and a reasonably small distance modulus ((m − M) V = 14.84), which all facilitate the analysis. Its overall luminosity (M V = −7.84; all these values are taken from the compilation of data for GCs made by Harris, 1996 , as downloaded from the internet in February 2014) is somewhat above the average for galactic GCs. Like M 4 and M 5, NGC 6723 is a moderately metal-rich cluster: determinations of its metallicity include values of [Fe/H]=−1.26 ± 0.09 from high-dispersion spectroscopy of three red giants by Fullton & Carney (1996) , −1.14 from the colour-magnitude diagram and integrated spectrophotometry (Zinn & West 1984) , −1.09 by DDO photometry (Smith & Hesser 1986 ), −1.35 from Washington photometry (Geisler 1986) , [Fe/H]=−1.23 ± 0.11 from a Fourier analysis of the light curves of RR Lyrae variables (Lee et al. 2014) , and −1.09 ± 0.14 from the Ca triplet (Rutledge et al. 1997) . Note that almost all these values are lower than the values of [Fe/H]=−1.10 quoted by Harris (1996 Harris ( , 2010 . None of these studies was aimed at studying multiple populations in this cluster. NGC 6723 is a very old cluster according to several age determinations (Marín-Franch et al. 2009; Dotter et al. 2010; Vandenberg et al. 2013) ; in this respect, NGC 6723 is similar to M 4 and it looks older than M 5. The mean period of the RR Lyrae stars places this cluster in the Oosterhoff I group (see Lee et al. 2014) . Finally, the orbit of NGC 6723 makes it a member of the inner halo (Dinescu et al. 2003) , although it is projected quite close to the Galactic bulge. On the whole, NGC 6723 appears to be a quite typical moderately metal-rich GC, its main peculiarity being the low concentration. Unfortunately, no previous extensive study of Na and O abundances along the RGB exist for this cluster. The anomalous extension of the HB of NGC 6723 with respect to that of NGC 6171, for example, which has a similar metallicity, was noticed several decades ago (see Smith & Hesser 1986 ). Gratton et al. (2010) briefly discussed this cluster: they showed that the colour distribution along the HB looks bimodal, and it cannot be reproduced by a single Gaussian distribution in mass. At the time, this was considered evidence for the presence of multiple populations.
Section 2 presents the observations and data reduction, explaining how they differ from what has been done for the other GCs studied in this series, and briefly discusses radial and rotational velocities determined from our spectra. We derive the atmospheric parameters and provide details of the abundance analysis in Sect. 3. Section 4 presents the results of this analysis. Finally, in Sect. 5 we compare the composition of NGC 6723 with that of other GCs and compare the distribution of stars along the HB with that of synthetic populations specifically constructed for this purpose. 
Observations
We observed a total of 58 candidate HB stars of NGC 6723 with FLAMES + GIRAFFE at the VLT (Pasquini et al. 2004) . The instrument was used in MEDUSA mode, with fibres pointing to each star and several (∼ 20) fibres used for determining the local sky background. The stars were selected from the BVI photometry by PBS (see Fig. 1 ); the field coverage is 100% complete out to a radius of 16 arcmin, and partial to a radius of 35 arcmin from the centre of the cluster; for comparison, the farthest member star of NGC 6723 in our spectroscopic sample is at 7.35 arcmin from the center. We selected for observation stars on the RHB 1 and on the BHB of the cluster, avoiding those 1 The RHB stars selected for observation have 15.445 < V < 15.560 on the original photometry used for selection. There is then a bias with V > 15.6 because these stars are probably warmer than the Grundahl jump. We also tried to avoid placing fibres on stars within the instability strip because our observations (scheduled in service mode) were not optimized for variable stars. However, as reported below, four RR Lyrae stars were actually observed because they were erroneously recorded out of the instability strip in the photometry by PBS, which used observations made at only a few epochs. Only uncrowded stars were selected, that is, those without any contaminant with a V magnitude brighter than V * + 2 within 2 arcsec from it; here V * is the magnitude of the programme star,. For this reason and to avoid fiber-to-fiber collisions, the star closest to the cluster center is at 0.98 arcmin. Seven of the observed stars (all close to the RHB of the cluster in the colour-magnitude diagram) were not members of NGC 6723 because they have discrepant radial velocities and abundances. These non-members were typically projected at large distances from the cluster center, but still within the tidal radius. Of the remaining 51 bona-fide members of NGC 6723, 17 are BHB stars, 30 are RHB stars, and the remaining four are RR Lyrae variables according to cross-identification with the list by Lee et al. (2014) . The UVES fibres were used to acquire spectra of stars on the asymptotic giant branch of the cluster; they will be analysed in a future paper.
As was the case for the observations of the other GCs of this series, we used two set-ups: HR12 (wavelength range 5821-6146 Å, resolution R ∼ 18, 700), and HR19A (wavelength range 7745-8335 Å, resolution R ∼ 13, 867), allowing observation of the Na D doublet and the O I triplet at 7771-74 Å. These are the strongest features due to Na and O in the spectra of HB stars that are accessible from the ground. We aimed to obtain a final S/N=50 per pixel. The observations (see Table 1 ) were carried out in service mode. The first frame with the HR12 set-up was acquired in poor observing conditions, yielding spectra with a S/N markedly lower than the other exposures (see Col. 2-5 of Table 3 ). We used these data only to derive radial velocities (see Col. 6-9 of the same table), the abundance analysis is based on the remaining spectra.
Photometric data for the programme stars are listed in Table 2 . It includes the BV photometry by PBS (in preparation), as well as the high quality BV photometry by Lee et al. (2014) , kindly provided by the first author of that paper. In addition, we also listed the JHK S photometric data from the 2MASS catalogue (Skrutskie et al. 2006) . Since the observed stars are not in the inner region of the cluster, the WFPC2 photometry of Piotto et al. (2002) is of little help. We also searched for stars in common with the ACS photometry by Sarajedini et al. (2007) , but we could not cross-identify any star because the observed stars are brighter than those listed in that catalogue.
Spectra were reduced using the ESO GIRAFFE pipeline, which provides wavelength-calibrated spectra. Sky subtraction was performed using IRAF 2 . We selected not to sum the individual spectra, but rather to measure velocities and equivalent widths on each of them, and then averaged the results of the analagainst brighter RHB stars, although membership in the cluster of all these brighter stars is to be demonstrated. In principle, these stars might be He-rich, but if they are He-rich, they should also be massive to be on the RHB. Most likely, these stars are simply He-normal stars evolved off the ZAHB, as shown by the simulations presented below.
2 IRAF is distributed by the National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy (AURA) under cooperative agreement with the National Science Foundation ysis. The values from individual spectra are labelled as A and B in Table 3 .
Telluric absorption lines were removed from the HR19A spectra by dividing them by an average spectrum of a few extreme BHB stars in NGC 1851 (Gratton et al. 2012b) . Figure 2 shows an example of such a subtraction. We deem this subtraction to be fully satisfactory.
Radial velocities
As mentioned above, radial velocities were measured on the individual spectra using a few selected lines. Average radial velocities and the r.m.s. scatter around them are given in Col. 10 and 11 of Table 3. The average value over all stars (excluding the RR Lyrae variables) is −95.8 ± 0.6 km s −1 , with an r.m.s. scatter for individual stars of 4.4 km s −1 . The median value of the r.m.s. scatter from different measurements for an individual star is about 1 km s −1 , which is much smaller than the star-to-star scatter. For comparison, Harris (1996 , 2010 listed an average velocity for NGC 6723 of −94.5 ± 3.6 km s −1 , in good agreement with our determination, considering the large errors and scatter of the individual values from which this result is obtained (Zinn & West 1984 : −90 ± 20 km s −1 ; Hesser et al. 1986 : −79 ± 7 km s −1 ; Rutledge et al. 1997 : −100.3 ± 9.9 km s −1 ). The r.m.s. scatter we obtained implies an internal velocity dispersion of 4.3 km/s, which represents the first measure of this quantity in NGC 6723. We note here that the stars we observed are at a largest/smallest projected distance from the cluster center of 0.98/7.35 arcmin, with a median value of 2.3 arcmin. For comparison, the core, tidal, and half-light radii of NGC 6723 are 0.83, 13.7, and 1.53 arcmin, respectively (data from Harris 1996) . Our data then refer to the outer regions of the cluster.
We found a small systematic difference when we considered BHB and RHB stars separately. The average radial velocities are −94.5 ± 0.8 km s −1 for BHB and −96.4 ± 0.9 km s −1 RHB stars. The difference (1.9 ± 1.2 km s −1 ) is only marginally significant. If real, it might indicate a highest convective blue-shift for the Table 3 . S/N of spectra, radial velocities, FWHM, and rotational velocities (only available in electronic form) RHB stars with respect to the BHB. Trying to better establish this point, we considered all those clusters for which we have radial velocities from both BHB and RHB stars from this survey. In addition to NGC 6723, we have data for three other clusters: NGC1851, NGC2808, and M 5, for which we found radial velocity differences of 1.9 ± 0.9, 7.8 ± 4.0, and 1.4 ± 1.0 km s −1 , respectively. In all cases, the offset is in the sense that the radial velocities for BHB stars are higher than those for RHB. The weighted average of all these data is 1.9 ± 0.6 km s −1 . The offset is significant at more than 3σ. Since we expect no real systematic difference in the average velocities of BHB and RHB stars, we assume that this effect is due to systematic errors in the measurements. Given that the same lines are used for the two sets of stars, we suggest that RHB stars have a convective blue-shift higher than the BHB stars (note that Na D lines have quite a strong weight in our radial velocities). Regardless of its cause, this effect should be considered before combining data from stars in these evolutionary phases for dynamical analysis of the clusters.
Finally, there is no strong indication favouring intrinsic variability of the radial velocities for any of the non-variable stars we observed, although our data are certainly not ideal for detecting spectroscopic binaries. On the other hand, quite large variations were obtained for three of the four RR Lyrae variables we observed.
Rotational velocities
It is well known that a fraction of the BHB stars rotate at moderate velocity (up to several tens km s −1 ; Peterson 1983; Behr et al. 1999; Recio-Blanco et al. 2004) . Generally, fast rotators are found only among BHB stars cooler than the Grundhal jump (Behr 2003a; Recio-Blanco et al. 2004; Lovisi et al. 2012) ; only a few RHB stars have been found to rotate (Behr et al. 2003b ) and most likely they result from the evolution in close binary systems (see the case of a fast rotator in M 5 discussed in Gratton et al. 2013) . We call the stars with V sin i > 20 km s −1 fast rotators. We may use our spectra to search for fast rotators among the BHB stars we are observing in NGC 6723 (none of the RHB stars have lines wider than expected from instrumental effects). Since other lines are weak, we obtained the full width at half maximum (FWHM) of the O I spectral lines. They are given in Col. 12 of Table 3 , along with their uncertainties as estimated from the scatter of individual measurements (Col. 13). They were transformed to rotational velocities following the same method as described in Gratton et al. (2014) . As in that paper, whenever a lower value was obtained, we assumed an upper limit of 5 km s (Gratton et al. 2014) .
More in general, the fraction of fast rotators among BHB stars (here, only stars cooler than the Grundahl jump are considered) seems to be a function of the cluster metallicity and of the HB colour as represented by the HBR index 3 . Table 4 collects data available for 15 GCs. We also list [Fe/H] values and HBR ratios from Harris (1996 Harris ( , 2010 . These data were used to construct Fig. 3 Most of these last clusters are Oosterhoff I clusters. However, fast rotators are also absent from the BHB stars of the metalrich cluster NGC 288, and none have been found in the metalpoor cluster NGC 6093 (however, data are available for only seven BHB stars in this cluster). Both NGC 288 and NGC 6093 have very blue HBs. There is then a clear connection, if not a one-to-one correlation, between rotation and both metallicity and colours along the HB. However, to clarify the meaning of this connection, an explanation for the lack of fast rotators among stars warmer than the Grundahl jump is required (Behr 2003a; Recio-Blanco et al. 2004 ). For possible suggestions, see Sweigart (2002) and Vink and Cassisi (2002) . 
Analysis
We analysed only the spectra of non-variable stars. Reliable abundances for the RR Lyrae stars would have required scheduled observations taken at appropriate phases; this was not possible for the adopted service mode for the observations.
Atmospheric parameters
Our analysis is based on model atmospheres extracted by interpolation within the Kurucz (1993) grid, with the overshooting option switched off. Interpolations were made as described in Gratton & Sneden (1987) and as used in many other papers. The grid of models used for this interpolation does not include any enhancement of the α−elements. The effect of α−enhancement, typically observed in metal-poor stars, is expected to be weak for atmospheres with T eff > 4500 K (see e.g. Gustafsson et al. 2008) . The main effect is expected on the continuum opacity. For RHB stars, opacity is dominated by H − , with electrons mainly provided by metals. Alpha-enhanced models ([α/Fe]=+0.4) should then resemble α-normal models that are more metal-rich by 0.2-0.3 dex. Given the sensitivity to metal abundance reported below, the effect is minor for almost all species considered in our analysis. The Ba abundances might be systematically underestimated by as much as 0.1 dex, but this effect probably is the same for all stars, so that it does not affect the star-to-star trends considered in this paper. α-enhancement has an even weaker effect on BHB stars, since in this case opacity is mainly due to H, which also contributes most of the free electrons.
The most critical parameter in our abundance analysis is the effective temperature T eff . The values we adopted were obtained from the de-reddened B − V colours and, for RHB stars, also from the V − J colours (K magnitudes typically have much larger errors and we prefer not to use them). We used the calibration by Alonso et al. (1999) for the RHB stars, while for the BHB stars we used the same calibration as was adopted for the stars in M 5 by Gratton et al. (2013) . The reddening value we adopted is E(B − V) = 0.05 from Harris (1996 Harris ( , 2010 . Star-to-star uncertainties in these values for T eff can be obtained by comparing results from different photometric studies. The median of the r.m.s. dispersion is 59 K for the BHB stars and 43 K for RHB stars. Systematic errors are probably larger. We assume that they are about 100 K for RHB stars and twice that for the BHB stars.
Surface gravities were obtained from visual magnitudes and effective temperatures, using the distance modulus (m − M) V = 14.84 mag from Harris (1996 Harris ( , 2010 , the bolometric corrections by Alonso et al. (1999) for the RHB stars and from Kurucz (1993) for the BHB ones, and masses of 0.610 and 0.664 M ⊙ for the BHB and RHB stars. These last values are taken from the Gratton et al. (2010) analysis of the statistical properties of the HB stars. While there are some uncertainties in these adopted quantities, the total errors in the gravities are small (< 0.1 dex).
There are too few lines in our spectra for a reliable determination of the microturbulence velocity. We therefore adopted a value of 1.3 km s −1 for all RHB stars: this value is intermediate between those adopted for 47 Tuc and M 5 RHB stars in Gratton et al. (2013) . For the BHB stars, we used the values given by the relations v t = 3.0 km s −1 for stars with T eff > 9000 K, and v t = 3.0 − 0.6(T eff −9000) (Gratton et al. 2014) , save for star #71676, for which we adopted a lower value of 2.0 km s −1 to reach reasonable agreement among different lines of the same element. These values are quite uncertain, mainly for BHB stars, where we deem that the error can be as large as 0.5 km s −1 from the scatter found between different BHB studies (compare for instance the values of Marino et al. 2013 with those of For & Sneden 2010 ). There is much better agreement among different analyses of RHB stars, so that the adopted microturbulence velocities for these stars probably have errors not larger than 0.2 km s −1 . Finally, we adopted a model metal abundance of [A/H]=−1.25, close to the average value we determined for the Fe abundance.
Equivalent widths
Our abundances rest on measures of equivalent widths (EW). In most cases, they were obtained by an automatic procedure analogous to that used in many papers of our team on red giants (see, e.g., Carretta et al. 2009 ). The results from this procedure are not accurate for strong lines (EW > 150 mÅ). In these cases, the EWs were obtained from manual measurements. Since we obtained independent measures from the two spectra obtained with the HR19A set up, we may compare the two values and derive an estimate of the internal error of our EWs. The value we obtain (±4.6 mÅ) compares well with that determined using the Cayrel (1988) formula. We estimated internal errors in the EWs for the HR12 spectra from comparing results for stars with very similar atmospheric parameters. Since we only used one spectrum per star, the errors are larger (±6.9 mÅ). 
Line list and notes on individual elements
The abundance analysis done in this paper generally follows the scheme outlined in previous papers of this series. In particular, most of the abundances we derived assumed local thermodynamic equilibrium (LTE); however, non-LTE corrections were included for N (Przybilla & Butler 2001 ; see Gratton et al. 2012b) , O (Takeda et al. 1997) , and Na (Mashonkina et al. 2000) . The He abundances follow the prescriptions in Gratton et al. (2014) and should be considered homogeneous to the non-LTE analysis by Marino et al. (2013) . The only peculiar point concerns the use of only two of the lines in the O I triplet at 7771-75 Å. In fact, we found that in our spectra, the weakest line of the triplet at 7775.4 Å falls very close to a quite strong telluric emission line because of the combination of the cluster velocity and Earth's motion around the barycentre of the solar system (the two observations with HR19 were obtained at short cadence). To avoid uncertain corrections, we preferred to remove this line from our analysis.
Sensitivity of abundances on the atmospheric parameters
The sensitivity of abundances to the adopted values for the atmospheric parameters is given in Table 6 . It was obtained as usual by changing each parameter separately and repeating the abundance analysis. We also considered the contribution to the error due to uncertainties in the equivalent widths, divided by the square root of the typical number of lines used in the analysis. The values were computed for typical uncertainties in each parameter, as determined in Sect. 3.1. Results are given for an RHB and a BHB star.
Results

Metal abundance
Average abundances for BHB and RHB stars are given in Table 9 , along with the r.m.s. scatter around these mean values. The star-to-star scatter generally agrees fairly well with Fullton & Carney (1996) . The α−elements Mg, Si, and Ca are all overabundant, again in agreement with the earlier study by Fullton & Carney (1996) .
p-capture elements
For N, O, and Na, all elements whose abundances are affected by p-capture reactions and that are the focus of our analysis, our results indicate that most stars share the same high O and low Na abundances, typical of first generation stars in GCs (Gratton et al. 2012a ). This result was expected for the RHB stars; however, almost all BHB stars also share this abundance pattern (see Fig. 5 ). Only four among the warmest BHB stars are pos- 6 ). It is interesting to note that these stars are on the bluest and brightest side of a small gap that is possibly visible on the HB of NGC6723 at T eff ∼ 9000 K (see Fig. 7 ). While this gap does not appear to be very robust from a statistical point of view (see analysis of possible gaps found in other cases, e.g. Catelan et al. 1998 ), we used it throughout this paper as a convenient reference point to separate HB stars according to their chemical composition. Whether a real gap is actually present at this this colour or not, we found that there is segregation of first and second generation stars on the HB of NGC 6723 at this colour. This segregation agrees with the hypothesis that the chemical abundances are important factors in determining the distribution of stars along the HB. On the other hand, the wide span in colours (0.07 < (B − V) < 0.63) for stars sharing a similar chemical composition suggests that some spread in mass can exist even at constant chemical composition. 
Helium
We tried to measure He abundances for the two warmest stars we observed in NGC 6723 (#36201 and #56422); the remaining stars are too cool to show evidence of helium lines. The method used is described in detail in Gratton et al. (2014) . The error bar to be attached is the sum of errors due to atmospheric parameters and equivalent widths; they were obtained by repeating the analysis with values at the edge of the error bars for these quantities. We obtained very high values of the helium abundance (Y ∼ 0.37), with similar values derived for both stars. However, the error bar to be attached to these He abundance determinations is large (about ±0.08), given the uncertainties in the EWs and in the T eff (these last are larger than usual for these warm stars). The large error bar allows values of the He abundance only slightly higher than the value expected from Big Bang nucleosynthesis (Y ∼ 0.25 : Cyburt 2004 ) and a modest enrichment due to first dredge-up (∆Y ∼ 0.015: Sweigart 1987) . We therefore recommend caution when using these He abundances. 
Discussion and conclusions
Comparison with other clusters
We may compare the abundances we obtained for NGC 6723 with those we obtained for other GCs in this series of papers; since the methods are very similar, we expect that the analysis can be considered homogeneous. We may perform a test on the RHB stars, which constitute a more homogeneous sample of stars. In fact, because we expect that when the analysis is limited to stars belonging to the FG, they should have an original He abundance close to that of the Big Bang (Cyburt 2004) and their average effective temperatures should be determined by a combination of metal abundance, age, and mass loss. We We note that three of these clusters (M5, NGC 1851 and NGC 2808) are younger than the two others according to Marín-Franch et al. (2009) . We also note that all RHB stars in M5, NGC 1851, and NGC 6723 have compositions compatible with their being FG stars; however, only the reddest stars in 47 Tuc and NGC 2808 are bona-fide FG stars, the bluest ones are enriched in Na and depleted in O. Zinn and West (1984) and Carretta and Gratton (1997) . Finally, θ eff (RHB)=5040/T eff (RHB), where T eff (RHB) is the average temperature for those RHB stars that have the typical composition of FG stars. Although data are available for only five clusters, a bivariate analysis shows a very good correlation between θ eff (RHB) and a combination of [M/H] and age (Pearson linear correlation coefficient of r=0.98). This result does not depend critically on the particular set of ages we adopted for globular clusters; in fact, we derive the same Pearson linear correlation coefficient of r=0.98 when using ages from VandenBerg et al. (2013) , for example.
This comparison not only supports our analysis, but also suggests that the FG stars we observed on the BHB of M5 and NGC 6723 possibly occupy this location on the HB because they lost more mass than normal while evolving along the red giant branch. This is a possible clue for interpretating of the basic mechanism involved.
The element-to-element abundances agree very well among different clusters for O and Na. NGC 6723 seems to have an excess of α-elements larger than that observed in the other clusters. While this might be related to its greater age, there is no one-toone correlation between age and excess of α-elements because NGC 1851, the youngest cluster in our sample, is the secondrichest in α-elements. The Ca abundances for NGC 6723 are very high. Part of this trend seems to be a systematic effect in our analysis of RHB stars, which systematically produces values of [Ca/Fe]∼ 0.2 dex higher than those obtained from studies of RGB stars , and for [Mg/Fe] and [Si/Fe] in the same RHB stars, with a trend for larger differences in warmer stars. Since our Ca abundances are based on rather strong lines with very accurate line data, this difference might be due to non-LTE effects 5 However, even if corrected for this effect, the [Ca/Fe] ratio found for NGC 6723 stars is still high; this might explain the high metal abundance inferred from applying the ∆S method to the RR Lyrae ([Fe/H]≈ −0.7: Smith 1981) and the quite high value listed by Zinn & West (1984) . A similar suggestion was made by Smith & Hesser (1986) .
Ba abundances
We obtained a very high abundance of Ba in NGC6723 ([Ba/Fe]=0.75). Part of this high value can be systematic because we also obtained quite high abundances of Ba for the other clusters we observed. However, when compared with results for RGB stars for the other clusters in this series (Lucatello et al., in preparation) , the systematic difference is small, if there is any at all (0.02 ± 0.16). We notice that high abundances of Ba have also been obtained for other moderately metal-rich old GCs: [Ba/Fe] However, the most intriguing result we obtained concerning Ba is the correlation between the [Ba/Fe] values and the projected distance from cluster center (see Fig. 8 ). The Pearson linear correlation coefficient is 0.46 over 30 stars, which has a probability lower than 0.5% to be a random effect. The abundance gradient is not very strong, and RHB stars close to the center of the cluster have Ba abundances that are ∼ 0.2 dex R.G. Gratton: Na-O in HB stars of NGC 6723 higher than those at the cluster periphery. This effect is not due to any individual star, and Ba abundances do not correlate with the scatter of radial velocities. There is then no evidence that it is due to mass transfer episodes in close binaries (classical Bastars: McClure 1983; McClure & Woodsworth 1990) . We found no evidence for radial gradients in the abundances of any other elements, nor any correlation of the Ba abundances with the atmospheric parameters. The Ba abundance gradient seems, then, a real feature of NGC 6723. Unfortunately, Ba is the only n-capture element we observed. Hence we cannot tell whether this gradient is a consequence of s-or r-processes, which would lead to very different interpretations. Were it due to the r-process, the case could be analogous to that observed in M15 (Sneden et al. 1997 (Sneden et al. , 2000 and M92 (Sobeck et al. 2011) . The astrophysical site for the r-process is still unknown (see Arnould et al. 2007 for a discussion) with either some special kind of core-collapse supernovae (SNe) (possibly related to gamma-ray bursts: Fujimoto et al. 2008) or merging neutron stars being proposed. The event is probably quite rare to explain the large variance in the abundances of the rprocess elements found in extremely metal-poor stars (Gilroy et al. 1988; McWilliam et al. 1995a McWilliam et al. , 1995b Roederer et al. 2010 ) but not too rare to avoid too much a scatter (Argast et al. 2004) . Regardless its nature, the event probably occurred within the proto-cluster when it was still very gas-rich and most likely occurred in the central regions, which may explain the radial abundance gradient in Ba observed in NGC 6723. On the other hand, because of the much longer relaxation time, it is more likely that a radial abundance gradient is preserved in NGC 6723 than in M15. The lowest Ba abundance of NGC 6723 is much higher than that of M15, requiring a more effective Ba production to produce sizable differences in the Ba abundance; but NGC 6723 is a smaller cluster and the star-to-star variations in Ba abundances are smaller, which at least partly compensates for this difference. Since the total Ba content of NGC 6723 is ∼ 10 −5 M ⊙ , this is roughly the amount of Ba that must have been produced by this r-process event (if it was a single episode); note that this is quite a high value for core-collapse SNe (Argast et al. 2004 ), while it is easily achieved in neutron star mergers (see Argast et al. 2004 ) and collapsars (Fujimoto et al. 2008) . On the other hand, no sizeable abundance difference has been found for elements other than Ba: this limits the total number of SNe that could have exploded in this phase. Since there are ∼ 10 M ⊙ of O within NGC 6723, the total number of polluting SNe during this phase was probably small, no more than a few (roughly the same numbers also hold for M 15). We note that since in the Sun the Ba/O mass ratio is about 10 −6 , and about 15% of the solar Ba is due to the r-process (Burris et al. 2000) , the Ba/O overproduction does not need necessarily to be extreme. Hence this scenario is well feasible. We finally mention that it is unclear whether applying this scenario to M 15, M 92, and NGC 6723 requires any special connection between the r-process event and GCs. A dedicated search for the spread in the r-process element abundances in GCs might help to clarify this question.
On the other hand, the Ba production required to explain the observed gradient might also be due to the s-process. The main candidate in this case is the main component because we do not have evidence for variations in lighter elements expected from production by the weak component in massive stars. In this case, multiple populations should indeed be present even among the RHB stars of NGC 6723, with age differences so large that pollution is expected to be due to stars too small to have a significant hot bottom burning. The age spread probably is of hundred million years, possibly similar to that proposed to explain the extended turn-off of several intermediate-age clusters in the Magellanic Clouds (Mackey & Broby Nielsen 2007; ). However, in this case it appears difficult to avoid variations in the total CNO content and split SGB, such as those observed in NGC 1851 (Milone et al. 2008; Cassisi et al. 2008) and M22 (Marino et al. 2009 ). There is no evidence for anything similar in NGC 6723, and we note that there is no radial gradient in N abundances, for instance. However, these arguments are circumstantial and not strong enough to completely discard this hypothesis. Only determination of the abundances for elements with high r-fraction abundances (e.g., Eu) may clarify this question.
We finally add a caveat about the previous discussion: the original mass of globular clusters was certainly higher than the current one, by an amount that is probably different from cluster to cluster and can even be large (see e.g. D' Antona & Caloi 2004, and Lamers et al. 2010, MNRAS, 409, 305) . All numbers given in this section should therefore be considered with caution and at most as order-of-magnitude estimates. The only conclusion is that at present there is no obvious reason for either an ror an s-process explanations of the observed scatter in Ba abundances in NGC 6723.
Distribution of stars along the HB
When discussing our results, we first note that our sample is not exactly representative of the whole HB population of NGC 6723. We may use the photometry by Lee et al. (2014) , which extends over the whole cluster, to derive the total number of stars in different portions of the HB. Field contamination is a problem for RHB stars, while we may safely neglect it for the BHB ones. To reduce this concern, we will only used counts of stars within 7.5 arcmin; this limit approximately corresponds to the projected distance from the center of the farthest radial velocity member star in our sample. We have observed 30 RHB stars over a total of about 132; this last total was obtained assuming that the percentage of contaminants is as high in the whole photomet-ric sample as it is in our spectroscopic one within 7.5 arcmin (30 out of 34 our candidate RHB stars within this distance are cluster members). We also observed 4 RR Lyrae stars out of 42; 15 out of 35 BHB stars cooler than the gap that we tentatively found at ∼ 9000 K (B − V ∼ 0.1), and that may roughly separate the first and second generation along the HB of NGC 6723; and two out of 68 stars warmer than this gap. We note, however, that we also found a N-and Na-excess and an O deficiency for two stars slightly cooler than the possible gap; these stars are slightly brighter than most of the stars with the same colour. Their location on the HB suggests that they are evolved objects that started their HB evolution on the bluer side of the tentative gap. We then combined these stars with the group of stars bluer than the gap. For simplicity we call this last group extreme-BHB below to separate them from the redder stars on the intermediate-BHB that are cooler than this gap.
According to our determinations of the O, Na, and N abundances, RHB and intermediate-BHB stars of NGC 6723 all belong to the first generation because they are O-rich, Na-poor and N-poor. While we have not analysed any of the RR Lyrae stars, we expect that they share the composition of the red and intermediate-BHB stars that bracket them in colours. Hence a total of 132+42+33=207 HB stars belong to the first generation. On the other hand, the only O-poor, Na-rich, and N-rich stars we found in NGC 6723 are the four extreme-BHB stars (these four stars are among the coolest extreme-BHB stars). These are the only stars we observed in NGC 6723 that probably belong to the second generation. Even if we assume that all the extreme-BHB stars belong to the second generation (a reasonable assumption), the total of second-generation stars on the HB of NGC6723 is 70 stars at most. Although lifetimes of the extreme-BHB stars might be slightly different from those of the remaining HB stars and there is some statistical uncertainty, related in particular to decontamination of RHB stars from field interlopers, the conclusion that second-generation stars make up at most only a small fraction (70 out of 277, that is, about one fourth) of the total stars of NGC 6723 seems to us straightforward. This low fraction of second-generation stars distinguishes this cluster from many others observed (see, e.g., the compilation by Carretta et al. 2009a) where the second generation usually dominates the first generation and typically makes up some two thirds of the cluster population: normalized to the first generation, the second generation of NGC 6723 is about < 1/8 that of a "normal" GC. The large variation of the first-to-second generation ratios indicated by these numbers should provide a caution about, e.g., the use of clusters in the Fornax dwarf galaxy to confirm or dismiss scenarios for internal pollution in GCs (Larsen et al. 2012; Bastian et al. 2013 ); on the other hand, it should also caution us concerning arguments about the fraction of halo stars that formed in GCs from the population of luminous clusters surveyed so far to the total initial population of globular clusters (Gratton et al. 2012b ). We furthermore note that the low central concentration of NGC 6723 may be somehow connected to this peculiarity, although other clusters with a concentration even lower than NGC 6723, such as NGC 288 and NGC 6809, have more normal fractions of FG and SG stars. We finally note that NGC 6723 is not included in the list of clusters suspected to predominantly host FG stars by Caloi & D'Antona (2011) .
There are several indications that in many clusters secondgeneration stars are much more centrally concentrated than firstgeneration stars (see Gratton et al. 2012a ). To test this point for NGC 6723, we plot in Fig. 9 the cumulative radial distribution of extreme-BHB stars and compare them with those of other stars on the HB of this cluster. There is no evidence for any difference in the two distributions. On the other hand, we note that NGC 6723 is a cluster with low central concentration, which might be related to the unusual predominance of first-generation stars because FG stars are typically less concentrated than SG stars.
The other interesting fact concerning the HB of NGC 6723 is the wide distribution in colours of first-generation stars. To quantify this spread in colour as a spread in mass and to discuss the relation between first and second generation in NGC 6723, we compared the observed colour-magnitude diagram with synthetic HBs obtained using the same tools as in Gratton et al. (2012b Gratton et al. ( , 2013 Gratton et al. ( , 2014 and described in more detail in and Dalessandro et al. (2011) . We used the HB evolutionary tracks with [Fe/H]=−1.25 from the BaSTI database (Pietrinferni et al. 2006) , interpolating among the α−enhanced BaSTI models to determine HB tracks for various values of the helium content Y. We adopted a distance modulus (m − M) V = 14.84 and E(B−V) = 0.05 from Harris (1996 Harris ( , 2010 . For simplicity, we adopted discrete values for the chemical composition; this assumption is not supported by strong evidence for this particular cluster, but it may be a good approximation for others. However, this assumption is not essential in the following discussion.
We performed several simulations; in all cases we assumed that the helium-rich SG contains one fourth of the stars, as previously discussed. However, this exact value is not crucial here. Figure 10 contains a first comparison. In this case, we assumed Fig. 10) ; this value for Y is close to the lower extreme of the observational range. While the overall range in colours is well covered by this simulation, we note that with such assumptions there is quite a large discontinuity in luminosities (∼ 0.2 mag) at the transition between the two populations (at B − V=0.15). There is no such obvious discontinuity in the observed data. The discontinuity can be eliminated by assuming a lower He abundance for the SG stars: to show this, we plot in this same figure a synthetic SG computed with the range mass 0.56-0.60 M ⊙ , but the same value of Y as the FG one (Y=0.248: green points). However, this value of Y disagrees with the spectroscopic result.
A possible alternative is to assume that SG stars are He-rich, as indicated by spectroscopy, but FG stars have a wider range in masses (0.58-0.71 M ⊙ ). A simulation performed with this assumption is shown in Fig. 11 . We also slightly modified the range in mass for the SG to 0.55-0.605 M ⊙ , but this modification plays a secondary role here. While SG are more luminous than FG stars at the same colour, there is now quite a substantial overlap in colour between the two populations, so that there is no obvious discontinuity at a colour of B − V=0.15. We note that in this simulation, the ratio between the number of RR Lyrae variables and RHB stars is 0.27, close to the observed ratio (42/132), and that the number of FG BHB stars is similar to that of RR Lyraes. This means that a uniform distribution in masses for the FG stars over this wide range is an acceptableapproximation. If this interpretation of the HB of NGC 6723 is correct, the ratio between SG and FG stars is even lower than the value of one fourth we concluded in the previous section because some of the extreme BHB stars are FG stars.
We conclude that to reproduce spectroscopic and photometric evidence, the range in mass of FG -that is, of chemically homogeneous -stars in NGC 6723 is probably quite wide: at least 0.10 M ⊙ , and more likely about 0.13 M ⊙ . This requires a wide distribution in the mass lost by the stars along the RHB. We recall that a smaller but not negligible spread in mass loss among FG stars was also required to explain the distribution of stars along the HB of M 5 (Gratton et al. 2013 ). This indicates that at least a fourth parameter (in addition to metallicity, age, and helium abundance) is required to explain the HB of globular clusters, in agreement with earlier suggestions based on other properties of HB stars (see, e.g., the discussion in Catelan 2009).
